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Self-Incompatibility (SI)
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Flowering plants

Arabidopsis halleri

Swanson, R., et al. 2004. Annu. Rev. Genet. 38: 793–818.



Self-Incompatibility:
multiple independent evolution

Gibbs, P.E. 2014. New Phytol. 203: 717–734.

Fujii, S., et al. 2016. Nat. Plants 2: 16130.
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Self-Incompatibility:
different mechanisms, a single locus

S-locusSRK/SCR

PrsS/PrpS

S-Rnase/SLF

Fujii, S., Kubo, K. & Takayama, S. 2016. Nat. Plants 2: 16130.
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A single multiallelic locus

Takayama, S. & Isogai, A. 2005. Annu. Rev. Plant Biol. 56: 467–489.



SI: 
a great diversity of allele

Castric, V. & Vekemans, X. 2004. Mol. Ecol. 13: 2873–2889.

Castric, V., et al. 2008. PLoS Genet. 4.

Lawrence, M.J. 2000. Ann. Bot. 85: 221–226.
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Self-Compatibility (SC)

SI and SC in the same specie

Selected when mates are limiting ?
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Frequent transition SI → SC
Arabidopsis halleri

Arabidopsis thaliana



SI versus SC

Transmission 
advantage 

through selfing

Mate 
restriction

Inbreeding 
depression

Self CompatibleSelf Incompatible

Gervais, C., et al. 2014. Evolution 68: 3317–3324.
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How spatial structure affects SI system resistance against the 
invasion by a SC mutant ?

What is the effect of SI allele number ?

What is the effect of spatial genetic structure ?

8spatial structure

SI maintenance: spatial structure effect



Method: Individual-Based Model

Constant metapopulation 
size (10*1000 individuals)

Dispersal through pollen only

Pol.
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SI→SI SI→SC

Mutations introductions

Mutations
Initial SI 

population

Reproduction
(selfing, pollen 

competing)

Fitness and selfing rate 
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Method: inbreeding depression modeling

Constant inbreeding depression:

𝑊𝑜 = 1

𝑊𝑠 = 1 − 𝛿

Explicit mutation model: complex inbreeding depression

Infinite number of loci

Deleterious mutations (ℎ, 𝑠)

Recombination (𝐿): partially linked to S-locus 

𝑊𝑖 = (1 − 𝑠ℎ)𝑁ℎ𝑒(1 − 𝑠)𝑁ℎ𝑜𝑚

S

S

Gervais, C., et al. 2014. Evolution 68: 3317–3324.

Porcher, E. & Lande, R. 2013. Evolution 67: 3628–3635.
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Results

Spatial structure effect: pollen dispersal rate

Number of allele

Inbreeding depression
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spatial structure:
pollen dispersal 𝑑𝑝 = 1

SI

SC
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spatial structure:
pollen dispersal 𝑑𝑝 = 0.01

SI

SC
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spatial structure:
pollen dispersal 𝑑𝑝 = 0.0001

SI

SC
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spatial structure:
pollen dispersal rate

SI

SC

↘ pollen dispersal (𝑑𝑝)

↗ critical inbreeding 
depression

↘ resistance of the SI 
system
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Local effective number of SI alleles
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Local effective number of SI alleles
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Local effective number of SI alleles

↘ pollen dispersal (𝑑𝑝)

↘ local effective number of 
SI allele
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Local effective number of SI alleles:
correlation with system resistance
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Local effective number of SI alleles:
test with constant allele number

Artificially reduce SI allele 
number by reducing SI 
mutational space:
10 possible SI alleles

20



Local effective number of SI alleles:
test with constant allele number

𝑑 = 10−4

𝑑 = 1 similar SI alleles number

most of the effect of 
dispersal rate vanished
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Local effective number of SI alleles



Inbreeding depression

𝛿 constant Explicit mutation model
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Inbreeding depression

𝛿 constant

Explicit mutation model

Explicit mutation model
Low effect of spatial 

structure on inbreeding 
depression

Explicit mutation modeling: 
→ stochasticity
→ less SI allele
→ purging effect
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Conclusion

spatial structure:

decrease SI system maintenance

main effect of the number of allele

small effect of spatial structure effects on inbreeding depression
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Perspective: different deme sizes

Different deme sizes → different number of alleles 
→ different resistance to SC invasion.

Purging effect allow invasion of bigger deme  ?

Mutation accumulation: SC extinction?
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